Although trauma undertriage has been widely discussed in the literature, undertriage in the pediatric trauma population remains understudied. Using the 2009-2013 Nationwide Emergency Department Sample, we assessed the national undertriage rate in pediatric major trauma patients (age ≤16 years and injury severity score [ISS] >15), and identified factors associated with pediatric trauma undertriage. Nationally, 21.7% of pediatric major trauma patients were undertriaged. Children living in rural areas were more likely to be undertriaged (P = .02), as were those without insurance (P = .00). Children with life-threatening injuries were less likely to be undertriaged (P < .0001), as were those with chronic conditions (P < .0001). Improving access to specialized pediatric trauma care through innovative service delivery models may reduce undertriage and improve outcomes for pediatric major trauma patients.
Introduction
Regionalized trauma systems have been developed in the United States to improve the triage and treatment of trauma patients. Ideally, patients with major trauma should receive the highest level of trauma care at level I or II trauma centers. Patients with major trauma are undertriaged when treated at nontrauma centers or level III trauma centers which lack trauma experts and resources. Undertriaged patients are at 25% higher risk of mortality. 1 The undertriage rate is an important quality indicator of trauma systems. An undertriage rate of less than 5% is desirable according to the American College of Surgeons Committee on Trauma (ACS-COT). 2 Nationally, the undertriage rate of major trauma patients is 34%. 3 In 18 states, the undertriage rate in adult trauma patients is 36.5%. 4 However, undertriage in the pediatric trauma population is understudied. Only two studies reported the undertriage rates of pediatric major trauma patients. 3, 5 No study has exclusively examined pediatric trauma undertriage on the national level. It remains unclear what factors contribute to undertriage in pediatric major trauma patients.
A major barrier to examining trauma undertriage has been a dearth of national data sources that include identifiers of trauma center designation and data from nontrauma centers. The Kids' Inpatient Database (KID) is a national database of pediatric inpatient encounters. 6 An analysis of KID showed that 89% of injured children receive care at adult hospitals 7 ; however, the undertriage rate was not reported because trauma center designation was not available in the KID. The National Trauma Data Bank (NTDB) provides detailed patient information from US trauma registries. 8 However, only trauma centers voluntarily submit data to the NTDB; it does not capture data from nontrauma centers. The Nationwide Emergency Department Sample (NEDS) can address these limitations, because (a) it captures a nationally representative sample of emergency department (ED) encounters from both trauma centers and nontrauma centers and (b) it classifies hospitals as trauma centers or as nontrauma centers.
Using the 2009-2013 NEDS, we aimed (a) to examine the national rate of undertriage among pediatric major trauma patients and (b) to identify factors associated with undertriage among those patients. We hypothesized that children with less severe injuries and those living in rural areas were more likely to be undertriaged. Better understanding the factors associated with undertriage will allow for development of interventions to further optimize trauma systems and improve outcomes for severely injured children.
Materials and Methods

Data Source
The NEDS is one of the Healthcare Cost and Utilization Project (HCUP) databases produced by the Agency for Healthcare Research and Quality. The NEDS is the largest all-payer ED database in the United States. The NEDS contains about 30 million ED discharges annually, representing more than 67% of all ED patients. The NEDS provides weighting and sampling variables for calculating national estimates. Along with standard administrative data, the NEDS contains a variable that identifies hospitals as nontrauma centers or as trauma centers (level I, II, or III).
This study was exempted from review by the institutional review board of the Nationwide Children's Hospital, because it used publicly available and deidentified data.
Study Population
Eligible patients were children with major trauma aged 0 to 16 years. We extracted ED encounters with diagnosis codes for trauma (International Classification of Diseases, Ninth Revision, Clinical Modification [ICD-9-CM] 800-959]. We excluded superficial injuries (910-924.9), injuries from late effects (905-909.9), and injuries due to foreign bodies (930-939.9). 1, 3 Beginning in 2009, the NEDS provides injury severity scores (ISS) assigned by the STATA ICD Programs for Injury Categorization (ICDPIC). We used ISS >15 and age 0 to 16 years to identify pediatric major trauma patients.
Definition of Undertriage
We used the definition of undertriage recommended by the American College of Surgeons Committee on Trauma, that is, patients with major trauma were undertriaged if they received definitive care at nontrauma centers or level III trauma centers. 2 In this study, undertriaged patients were those with a major trauma who were (a) treated and released from the ED of a nontrauma center or a level III trauma center (eg, discharges to home or self-care, discharges to skilled nursing home, left against medical advice, and home health care); (b) admitted as an inpatient to a nontrauma center or a level III trauma center; or (c) died in the ED of a nontrauma center or a level III trauma center. Patients who were brought in dead or dying were not included in the NEDS. The NEDS specified that only patients who received medical treatments at the ED were included. We excluded patients who were transferred to another hospital to avoid double counting, because transferred patients could be counted at both the transferring hospital and the receiving hospital. We also excluded patients with unknown ED dispositions and those with an unspecified level of care (Figure 1 ).
Statistical Analysis
We performed data analyses using SAS 9.3 software (SAS Institute, Cary, NC). We assessed the total number of ED encounters of pediatric major trauma in the 2009-2013 NEDS. We produced a national undertriage rate of pediatric major trauma patients. The undertriage rate was defined as the proportion of pediatric major trauma patients who received definitive care at nontrauma centers or level III trauma centers. We also produced undertriage rates by patient characteristics, including age, sex, presence of life-threatening injuries, presence of chronic conditions, insurance status, median household income, patient's residential location, external cause of injuries, and admission timing. We defined life-threatening injuries as those defined by the ACS-COT as life-threatening (Appendix A). Patients with those injuries in particular benefit from early transfer to level I or II trauma centers. We identified factors associated with undertriage of pediatric major trauma using univariate and multivariate logistic regression models.
Results
The 2009-2013 NEDS contained 15 494 ED encounters of pediatric major trauma patients ( Figure 1 ). Of these patients, 9244 were seen at level I or II trauma centers, 5064 were seen at nontrauma centers or level III trauma centers, and 1186 were seen at hospitals with unspecified level of care. There were 117 ED deaths at level I or II trauma centers, compared with 104 ED deaths at nontrauma centers or level III trauma centers. To avoid double counting patients, we excluded patients transferred from the ED (3308). We also excluded ED patients with unspecified level of care (1186), and those with unknown ED dispositions (49). Our final study sample included 10 951 ED encounters of pediatric major trauma patients, representing 52 116 ED patient encounters on the national level.
Nationally, the undertriage rate among children with major trauma was 21.7% (95% confidence interval [CI] = 17.8%-25.6%) ( Table 1) . Children with life-threatening injuries had a lower rate of undertriage (12.8%, 95% CI = 9.7%-15.9%) than children without life-threatening injuries (28.4%, 95% CI = 23.6%-33.3%). Similarly, children with chronic conditions had a lower rate of undertriage (11.6%, 95% CI = 8.5%-14.7%) than children without chronic conditions (29.3%, 95% CI = 24.6%-34.0%). Children living in rural areas had a higher rate of undertriage (31.9%, 95% CI = 24.3%-39.5%) when compared with those living in large fringe metropolitan areas (18.7%, 95% CI = 13.7%-23.8%). Children with injuries caused by falls had a higher rate of undertriage (30.0%, 95% CI = 24.9%-35.1%) than children with motor vehicle traffic injuries (11.9%, 95% CI = 8.6%-15.1%).
These same factors, along with insurance status and day of admission, were associated with undertriage in the multivariate model (Table 2) . Specifically, children with life-threatening injuries were less likely to be undertriaged (adjusted odds ratio [AOR] = 0.62; 95% CI = 0.53-0.73; P < .0001), as were children with chronic conditions (AOR = 0.42; 95% CI = 0.33-0.52; P < .0001). Children living in rural areas were more likely to be undertriaged than those living in large central metropolitan areas (AOR = 1.63; 95% CI = 1.07-2.47; P = .02). Children with injuries caused by falls were more likely to be undertriaged than those with motor vehicle traffic injuries (AOR = 2.41; 95% CI = 1.86-3.14; P < .0001). In addition, children without insurance were more likely to be undertriaged than those with private insurance (AOR = 1.79; 95% CI = 1.21-2.64; P = .00). Children admitted on weekends were less likely to be undertriaged than those admitted on weekdays (AOR = 0.87; 95% CI = 0.78-0.99; P = .03).
Discussion
Our study is the first to examine undertriage among children with major trauma in the United States. In the 2009-2013 NEDS, 21.7% of children with major trauma were undertriaged. Children living in rural areas and those without insurance were more likely to be undertriaged. Children with life-threatening injuries and those with chronic conditions were less likely to be undertriaged. To improve outcomes of injured children, it is imperative to understand the causes behind the high rate of undertriage observed here (21.7%), which greatly exceeds the 5% rate recommended by the AACS-COT. 2 One possible cause is that many injured children use private transport rather than Emergency Medical Services (EMS). EMS personnel are equipped with the knowledge of field triage guidelines to find the optimal destination hospital for an injured child. 10 However, more than one-third of injured children used private transport in the United States. 11 Private transporters (eg, parents or caregivers) often take injured children to the nearest or most familiar hospital. 12 As a result, 16% to 34.9% of injured children are transferred to another hospital for more appropriate level of care. 12, 13 To help parents quickly find the right hospital for their injured child, experts from the 2015 Childress Summit suggested developing a smartphone app to help parents understand which hospitals best fit their child's needs (eg, urgency level and specialties), where they are located, and what characteristics differentiate them (eg, distance, waiting time). 14 Our study showed that children living in rural areas were more likely to be undertriaged. This finding reflects that level I or II trauma centers are generally located in urban areas 15 ; about 77% of children living in rural areas do not have access to pediatric trauma centers. 16 Although our study was unable to distinguish between adult and pediatric trauma centers, prior studies indicated that pediatric trauma centers are scarce [15] [16] [17] ; most injured children were treated at adult hospitals. 5, 7 Those adult hospitals often lack dedicated pediatric trauma experts and resources. To improve access to pediatric trauma services, experts from the 2015 Childress Summit proposed a virtual pediatric trauma center. 14 The goal of a virtual pediatric trauma center is to quickly transfer existing pediatric trauma expertise to rural hospitals or adult hospitals using wireless technology and modern computer software.
Our study also found that children without insurance were more likely to be undertriaged. However, prior studies showed that trauma patients were more likely to be undertriaged if covered by insurance. [18] [19] [20] [21] This phenomenon was attributed to the potential financial gain of retaining patients with insurance. 21 The effect of insurance status on undertriage of severely injured children warrants further research. We also found that children with life-threatening injuries and those with chronic conditions were less likely to be undertriaged. This finding is consistent with one prior study in which children with more severe injuries or preexisting conditions were less likely to be undertriaged. 5 There are several limitations to this study. First, we attempted to include and describe differences in pediatric trauma centers and adult trauma centers, but found that pediatric trauma centers were undersampled in the NEDS. In 2009-2013, the NEDS included ED encounters from an average of only 4 pediatric trauma centers per year. Future studies should recognize this limitation of using the NEDS. Second, we used a single injury severity measure, the ISS, to identify major trauma patients. The ISS is a frequently used severity measure in trauma research. [22] [23] [24] [25] Third, the NEDS did not provide detailed information on clinical practice. We were only able to use the ICD-9-CM diagnosis codes to describe patients' clinical situations.
In summary, 21.7% of pediatric major trauma patients were undertriaged in the United States. Children living in rural areas, those without life-threatening injuries or chronic conditions were more likely to be undertriaged. Improving access to specialized pediatric trauma care through innovative service delivery models may reduce undertriage and improve outcomes for severely injured children. 
Appendix A
Appendix B
Trauma Center Levels Explained
Trauma centers levels refer to the kinds of resources available in a trauma center and the number of patients admitted yearly. Trauma center levels are identified in 2 fashions-a designation process done by states or municipalities and a verification process done by the American College of Surgeons (ACS). Outlined below are common criteria for trauma centers verified by the ACS and also designated by states or municipalities.
Level I. Level I trauma center is a comprehensive regional resource that is a tertiary care facility central to the trauma system. A level i trauma center is capable of providing total care for every aspect of injury-from prevention through rehabilitation. Elements of level I trauma centers include 
